Flow injection (FI) techniques have been used for a wide variety of sample and standard manipulations prior to measurement by flame atomic absorption spectrometry (FAAS) .1 Recent examples of such manipulations include pre-concentration and clean-up using ion exchange,2 solvent extraction3 and vapour generation. 4 Flow injection manifolds for speciation studies5 and indirect methods6 have also recently been reported. The use of FI techniques for producing solutions for calibration purposes has been describedl and preliminary results for methods that generate calibration data from a single concentrated standard have been reported.7>8 Branched manifolds have been used for dilution purposes for solution spectrophotometry.9JO This paper describes the use of a variable dispersion coefficient manifold that produces six discrete dilution factors for calibration and dilution of off-range samples.
Experimental Apparatus
A constant displacement pump (Sage Instruments Model 341A syringe pump) was used. With a 30-ml syringe this produced flow ranges covering the nominal range 0.23-8.8 ml min-1 in ten discrete steps. The injection valve was of the rotary type with an external sample loop (Rheodyne Model 5020). The valve was modified by removal of the two connecting tubes to the external loop and substitution of a single length of 0.7 mm i.d. PTFE tubing of volume 12.5 pl. The manifold consisted of six lines in parallel between two six-way switching valves (Rheodyne Model 5011). The dimensions of the lines are given in Table 1 . For convenience, the injection and stream-switching valves and six connecting lines were mounted in an enclosed aluminium box. The connections from the box to the atomic absorption spectrometer nebuliser capillary, was by the minimum length (20.6 cm) of 0.57 mm i.d. PTFE tubing. The complete apparatus is shown in Fig. 1 . The spectrometer was a Shandon Southern Model A3300 and the output was monitored with a Philips Model AR55 chart recorder. In all experiments the carrier stream was triply distilled water.
Procedure

Flow-rate effects
The spectrometer was optimised for maximum sensitivity for magnesium and the steady-state and flow injection response measured as a function of flow-rate setting on the pump (2.2, 3.3, 5.5 or 8.8 ml min-1) for a variety of nebuliser capillary positions. A suitable combination of flow-rate setting and capillary position was selected to give an optimum with respect to signal to noise ratio and minimim variation of signal with flow-rate. The flow-rate through each of the six lines was measured by weighing the amount of distilled water carrier delivered to the nebuliser capillary (the connection between the flow injection manifold and instrument being broken at this point to allow convenient collection of carrier stream in a receiving vessel), over an accurately timed interval. The flow-rate in ml min-1 was calculated assuming the specific gravity of water to be unity. Five replicate measurements were made for each line, the means and standard deviations calculated and the results examined for significant differences between the average values.
Dispersion coefficient measurement
A steady-state calibration for magnesium was made over the range 0-1.2 p.p.m. Five solutions of different concentrations were injected for each line. The mean absorbance of the 
Results and Discussion
Flow-rate Effects
Maximum sensitivity was obtained with the position of the nebuliser capillary set to give the maximum pressure drop along its length and hence the maximum "natural" uptake rate. In agreement with previous studies ,8 steady-state responses showed a greater variation with flow-rate than did the corresponding FI peak heights. The flow-rate setting of 5.5 ml min-1 on the pump was chosen for all further work as this value fell within a plateau on the peak-height absorbance versus flow-rate response curve. The measured flow-rate through each of the six lines is shown in Table 1 . Application of the F-test shows no significant difference between the variances at the 95% confidence level. Application of the t-test shows only one pair of means to have a significant difference at the 95% confidence level namely those for lines 2 and 3. However, there is no evidence that as the line length increases, there is any decrease in flow-rate due to the increased back pressure in the system. It was thus assumed that the response of the spectrometer to any given concentration would be the same regardless of which line was used to deliver the solution to the spectrometer. The independence of flow-rate and tube length will be sustained when the manifold is connected to the instrument due to the negative pressure applied by the nebuliser. This is a feature unique to atomic absorption spectrometers and thus flow-rates essentially independent of tube length may not be obtained with other detectors such as spectrophotometers. 
Dispersion Coefficient Measurement
The dispersion coefficient, D, of a flow injection manifold is defined as D = C m !C P where C m is the injected concentration and C P is the concentration at the peak. For many FI systems the dispersion coefficient is conveniently measured as the ratio of instrument responses to concentrations C m and CP. However, as has been pointed out 1 and discussed in some detail, 11 an atomic absorption spectrometer acts as a non-ideal detector. To account for the deviation from linearity of the response -concentration relationship, the response corre sponding to the peak maximum is converted into concentra tion via the steady-state calibration function before calcula tion of the dispersion coefficient. The results of the measure ments of the values of D for each line are given in Table 2 . The results for the line of regression calculations are given in Table  3 . The data used are those of columns 2 and 3 in Table 2 . The 95% confidence intervals for the value of the slopes of the (n-2) s\,x = �(y. y )2 where n is the number of points, Y; is an individualy-value (dispersion coefficient in this instance) and y is the y-value of the point on the regression line corresponding to x, ( concentration in this instance). 12 regression lines include the value O for all lines except number 3, and thus the value of dispersion coefficient is taken to be independent of the concentration of the injected solution.
If the response time of the spectrometer was slow compared with the rise time of the FI peak, then it might be expected that the instrument would not follow a large rapid change in concentration at the nebuliser input and thus higher injected concentrations would give rise to an apparently higher dispersion coefficient value. In fact, at first sight, the results obtained suggest an opposite trend as all the regression lines obtained by the least-squares procedure have a negative slope. This would imply that as the injected concentration increased, the measured dispersion coefficient decreases. However, the 95% confidence intervals of the slopes show that this negative value is not statistically significant.
Calibration and Dilution
The results for the magnesium calibration based on the injection of 5 p.p.m. down each line are given in Table 4 . The calibration data generated were plotted and a curve fitted to the points manually. This curve was used for the analysis of three solutions whose concentrations were well in excess of the top of the conventional calibration range. The results are shown in Table 5 . A first estimate of the relative standard deviations (RSD) of the calculated values may be obtained by compounding the RSD values for the absorbance measure ments and the dispersion coefficient values. This gives values between 1.5 and 3.2%, which are slightly higher than values obtained from a conventional procedure as the uncertainty in the dispersion coefficient values are greater than in the dilution factor obtained when volumetric glassware is used for dilution purposes.
The calibration data for nickel, calcium and chromium are given in Table 6 and the results for the analysis of off-range solutions of these elements are given in Table 7 . An assessment of whether any bias is shown by the method requires an accurate calculation of the uncertainty in the calculated concentration. In addition to the two factors used above, namely the uncertainty in the measured peak height and in the value of the dispersion coefficient, the uncertainty due to the curve-fitting procedure needs to be taken into account. Estimates of the error due to manual curve-fitting procedures have been made, 13 when it was found that for the elements Mg, Cr and Ni, the value was ca. 4%. Thus the over-all uncertainty may be of the order of 5%. To check for bias this value would need to be converted into a 95% ( or 
Conclusions
It is possible to use a flow injection manifold for on-line dilution for calibration purposes and of sample solutions that are more concentrated than the top standard of a conventional calibration procedure. The method is rapid (after the disper sion coefficients of the manifold lines have been measured), convenient and free from bias. Re-calibration, either of the entire working range or by adjustment of the calibration function based on a single standard may be carried out rapidly. The method is compatible with present computer-based data handling and curve-fitting methods. The precision of the method is poorer than the conventional calibration procedure as the uncertainty in the calculated concentration includes a contribution from the uncertainty in the measured dispersion values. No evidence for these values being dependent on the concentration injected was found and thus no significant contribution from the instrument response function to the over-all dispersion was observed. This may mean that precision could be improved by measurement of the manifold dispersion coefficient values by an alternative technique, such as solution spectrophotometry. With the particular pump used no significant difference in flow-rate down any of the lines was observed and thus the calculated result should be independent of which line is used to produce the sample dilution.
As with all FI-AAS set-ups it is difficult to generalise from the results obtained with one particular combination of flow injection apparatus and AA spectrometer, particularly when the performance characteristics of the nebuliser are involved. However, the general concept of the variable dispersion coefficient manifold for calibration and dilution should be applicable to all FAA spectrometers.
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